The object of this Communication was to demonstrate two rheological properties of cervical secretion, namely, flowelasticity and Spinnbarkeit. There is evidence that these properties undergo cyclic variation during the menstrual cycle and bear relation to ovulation, to penetrability by spermatozoa and to pregnancy. By means of the menstroscope, designed by Scott Blair, flow-elasticitv or elastic recoil can be measured. It is found to be most marked at the time of ovulation when also the mucus is thin and transparent. Spinnbarkeit-the capacity of liquids to be drawn into threads-is also capable of accurate nmeasurement by drawing awav a coverslip placed on a blob of mucus which is drawn out into a long thread. It is also more marked at the time of ovulation and is almost absent in pregnancy. Plasticity and tack, two further properties of cervical mucus, were also discussed. It is believed that these tests will prove to be of value in diagnosis of ovulation and in the study of sterility.
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A STUDY of certain rheological properties of human cervical secretion was undertaken at the suggestion of G. W. Scott Blair, D.Sc., whio had observed certain significant rheological phenomena in bovine cervical secretion when working on the problems of the time of ovulation and pregnancy diagnosis in cows, at the National Institute for Research in Dairying, Reading. Scott Blair (1937) described an emptying-tube viscometer for use with rheologically complex materials. Scott Blair, Folley, Malpress and Coppen (1941) found that the viscous and elastic properties of bovine cervical se3cretions vary regularly during the cestrous cycle ( fig. 1 ). The object of -L.ais communication is to direct attention to two recently rec6gnized rheological properties of human cervical mucus, namely, Flow-elasticity and Spinnbarkeit; and to demonstrate the Menstroscope, an instrument for the accurate objective measurement of Flow-elasticity.
There is experimental evidence which suggests that the rheological properties of human cervical mucus undergo a cyclic variation in the menstrual cycle, and bear direct relation to ovulation, to penetrability of cervical mucus by spermatozoa, and to pregnancy. Macroscopic examination of samples of human cervical secretion show marked variatiofts in y4eological properties according to the time in the menstrual cycle at which they are collected, e.g. at mid-cycle the secretion appears translucent and fluid; at other times of the cycle samples appear more viscid; in pregnancy the mucus is charactdristically thick, sticky and gelatinous.
XT-1 2-Proceedings 4f the Royal Society of Medicine 2 According to Moench (1934) , the degree of penetrability of cervical mucus by spermatozoa seems to depend solely on the "viscosity" of the cervical secretion. The quantity of secretion, its pH and cellular content are factors of very much less importance in penetrability. Lamar, Shettles and Delfs (1940) ,working at Johns Hopkins Hospital, have shown, using their micro-tubes and barrier-marker-bubble method, that spermatozoa penetrate
-Variations in flow-elasticity of bovine cervical mucus during the estrous cycle. Ver-, tical broken line indicates observed cestrus and airows denote service. Points marked with a circle are subject to a tertain -error due to inadequacy of sample. Clara and Flora became pregnant after the serviees indicated. (From B1ochem. J., 1941 (From B1ochem. J., , 35, 1046 . With kind permission of the Authors and the Editors of the Biochemical Journal.) cervical mucus for an appreciable'distance only when the mucus is translucent and thin; when the mucus is viscid (see Note 3), although the spermatozoa are strongly attracted to the mucus the viscidity impedes their upward progress-they quickly become enmeshed and devitalized.
A more-analytical study of the rheological properties of cervica-l mucus is essential to a clearer understanding of the relation of these variations in consistency of cervical mucus to ovulation, to penetrability and to pregnancy.
"VISCOSITY" (see Note 3) Robin (1848) observed the presence of "viscosity" in human cervical secretion in 1848 (many years before Sim invented his vaginal speculum). In 1925 Woodman and Hammond gave a detailed description of the variations in the physical properties of bovine cervical secretion during the oestrous cycle and pregnancy in cows.
Many workers on cervical mucus have realized the importance of "viscosity" in human cervical'secretion in relation to ovulation and-penetrability (Kurzrok and Miller, 1928; Seguy and Vimeux, 1933; . Seguy and Simmonet, 1933; Moench, 1934; Lamar,-Shettles and Delfs, 1940 ; Viergiver and Pommerenke, 1944) but, until recently, no one has been able to measure accurately the "viscosity" of cervical secretion.
In the past ''viscosity" was subjectively estimated roughly as thin or thick. Later, anattempt to measure "relative viscosity" (see Note 1) was made by estimating the amount o Clara 75 Lottie l .0 5 A / n \ 11 u of force needed to draw cervical mucus into a capillary tube, and the result was quallified -as low, moderate or high. Lamar, Shettles and Delfs (1940) , using this method, found that there was no relation between "relative viscosity" and penetrability. This result surprised these workers and thiey suggested that "viscosity" might play a much larger part in penetrability than their results indicated; admitting that any approximation of the "relative viscosity" by this method was bound to be inexact.
As recently as September 1944 it was restated that no objective method for measuring 'viscosity" of cervical mucus had yet been found (Viergiver and Pommerenke, 1944) .
It is now possible to make accurate objective measurements of the rheological properties of human cervical secretion.
When considering a body secretion such as cervical mucus, we must remind ourselves that secretions are not true fluids-they are complex rheological systems (see Note 1)and as such they are characterized by properties such as: Anomalous viscositv-Elasticity -Flow-elasticity-Spinnbarkeit-Thixotropy-Tack-Stickiness-Adhesiveness, &c.
A study of such physical properties is called Rheology-so called to save circumlocution. Rheology is "the study of flow and deformation of matter". Many of these phenomena are imperfectly understood and undoubtedly difficult to comprehend. Conceptions based on special properties of molecules, such as polarity and length, are theoretical aids to assist in understanding them.
Efforts are being made to replace rough subjective tests by more accurate objective measurements of these rheological properties. Cervical secretion is not a truly viscous fluid, and therefore cannot be said to have a viscosity (see Note 3). The characteristics of a true fluid are that it flows at a steady rate under constant pressure; and that when the pressure is increased, the rate of flow increases proportionately. With cervical secretion, the rate of flow is not constant at constant pressure: it increases as the stress rises, but als'o decreases with increasing deformation ("work-hardening") (see Note 1). Secretion belongs to materials that do not give straight-line flow-curves and therefore show anomalous viscosities (see Note 1). Scott Blair et al. (1941) concluded, after examining many samples of bovine cervical mucus (a product of secretory columnar epithelium, as in the human), using the emptyingtube viscometer, that the results were not of sufficient accuracy, and too delicate an(d complicated for everyday use as a means of diagnosing ovulation.
FLOW-ELASTICITY (see Note 2)
While carrying out these experiments, Scott Blair et al. (1941) observed a property hitherto unrecognized in cervical mucus-Flow-elasticity, a propertv which undergoes cyclic variation throughout the oestrous cycle. They designed the cestroscope, by means of which cestrus can be detected in cows by measuring elastic recoil.
It occurred to us, that since ovulation normally occurs immediately after cestrus in cows, it might well be that the phenomenon flow-elasticitv is associated directly with the cestrin secretion which normally accompanies ovulation (Seguy and Vimeux, 1933 , correlated an increase in urinary folliculin with visual evidence of ovulation by inspection of the ovaries at laparotomy in women). We were therefore led to investigate the possibilities of flow-elasticity of human cervical secretion, as an indication of the time of ovulation in women.
These studies have led to the development of what appears to be a simple, reliable and rapid test for ovulation in women. The measurement of flow-elasticity may also prove uLseful in con nexion with the physiology of the passage of the spermatozoa up the cervical canal, for when the elastic recoil is greatest (which appears to be at the time of ovulation) the mucus is thin and translucent-the type of mucus in which penetrability and longevity of spermatozoa are most marked (Lamar, Shettles and Delfs, 1940) . It is suggested that in addlition this measturement of elastic recoil might be of use as a simple tool in endocrine studies of ovarian dysfunction.
THE MENSTROSCOPE
This instrument was designed by G. W. Scott Blair for the measurement of flowelasticity. When a material showing flow-elasticity is cauised to flow along a tube, and the pressure is suddenly released, the material recoils back, towards its original position. This phenomenon was first described by Szegvari (1924) and named bv him "Fliesselastizitat", which is generally translated "flow-elasticity". Ostwaldl and Malss observed it experimentally (1934). Scott Blair et cl. (1941) first observed this property in bovine secretions. These workers found that tlhe flow-elasticity phenomenon is much less affected by contamination of the sample than is "viscosity" and is also much more easily measured.
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The menstroscope consists essentially of a graduated glass capillary tube of about 0 75 mm. bore, 10 cm. long and graduated in mm., with the glass drawn down to 3 mm. bore. One end fits on to a 2 c.c. Record syringe and a small side-tube 3 mm. bore is interposed between the tube and the syringe.
The test is carried out as follows: A dry sterile speculum is inserted into the vagina and a sample of cervical mucus is collected with a pair of long artery forceps-at mid-cycle a generous sample can usually be collected; at other times of the cycle, when the amount of mtuctus may be scanty, further secretion can be aspirated throiugh a long glass pipette. The collected sample of mucus is roughly homogenized by squeezing between two glass slides, one of the glass slides can be conveniently used for manipulating the blob of mucus. With the side-tube closed with a finger, mucus is drawn into the capillarv tube until the meniscus reaches the 7 cm. mark. Keeping the side-tube closed, and the apparatus horizontal, the column of mucus is then slowly forced out of the capillary until the meniscus reaches the 4 cm. mark. At this point the finger is quickly removed from the side-tube, thus suddenly releasing the pressure on the column of mucus, the flow-elasticity of which causes the meniscus to recoil along the capillary. The amount of recoil in mm. is noted.
SIDE-TUBE
The menstroscope is made by Vann Bros. Ltd., and is made in perspex; the advantages over glass are that it is boilable and unbreakable in all normal conditions-the disadvantage is that care has to be taken which disinfectants are used, since some of them attack perspex.
In performing the elastic recoil test the following points should be strictly observed:
(1) The cervix must be healthy-there must be no pathological tear, no marked erosion or endocervicitis.
(2) Contamination with blood should be reduced to a minimum.
(3) The specimen must 'be collected from the cervical canal-not from the vaginal vault or external cervical os.
(4) Neither douching nor coitus must have taken place during the forty-eight hours preceding collection.
(5) No antiseptics must be used in collecting the sample-only dry sterile instruments are used. (6) The elastic recoil test should be performed within twenty minutes of collection of the sample. SPINNBARKEIT (Fibrosity)t This is the capacity of liquids to be drawn into threads. White of egg shows this property to a marked degree. Erbring (1936) studied Spinnbarkeit in detail; he takes a narrow capillary tube, with a conical mouth into which he sucks the material-he then withdraws the tube at a constant rate and measures the maximum length of the fibre which can be produced before rupture occurs. Over a considerable range, the length of the thread which can be drawn is generally proportional to the speed of drawing, which therefore should be kept as constant as possible. Erbring (1936) finds that there is no universal connexion between the maximum length of the fibre under standard conditions, and either viscosity or surface tension. Spinnharkeit, capable of accurate objective measurement, is a property of cervical mucus, but it is present only to a marked degree when flow-elasticity is at its height, i.e. in mid-cycle samples. It appears to be directly related to ovulation and to the type of mucus in which penetrabilitv by spermatozoa is greatest. Spinnbarkeit is only seen to a much less degree at other times of the menstrual cycle, and is more or less absent in pregnancy.
The test is carried out by drawing away a coverslip placed on a blob of mucus-the mucus is drawn into a long thread. At present we are estimating Spinnbarkeit by measuring the length of the thread in cm. The construction of an instrument for accurate objective measurement (such as that used by Erbring) is under consideration.
It is. an interesting observation to note the marked similarity of the rheological properties of mid-cycle cervical secretion and fresh white of egg. Both these substances appear Rheologists are at present discussing a more suitable English term for this property. translucent and fluid-both are characterized by Spinnbarkeit and flow-elasticity-and both readily form tough bubbles on homogenization. In white of egg, Spinnbarkeit is more marked, elastic recoil less marked, than in mid-cvcle cervical secretion.
One concludes that the molecular con'struction may well be somewhat similar in both materials. Penetrability of cervical mucus by spermatozoa probably depends on the molecular arrangement of the cervical secretion. It is reported that artificial insemination with semen mixed with white of egg is a more successful procedure (about 5%) than artificial insemination with semen alone (under 1%). Considering that thin and translucent cervical mucus, giving peak elastic recoil and maximum Spinnbarkeit (as is present at the time of ovulation), provides the Qptimum conditions for the height of penetrability of spermatozoa-and considering the therapeutic value of fresh white of egg in artificial insemination-it would be logical to suggest that a sample of cervical mucus with the above characteristics, obtained from a fecund donor at the time of ovulation, should be used together with semen for artificial insemination, i.e. to consider the soil (cervical muctss) as well as the seed (spermatozoa) in artificial insemination. Suich a procedure is suggested in view of the dlisappointing results of artificial insemination with semen alone.
PLASTICITY
Plasticity is that property which enables a. material to be deformed continuously and permanently without rupture, during the application of a force that exceeds the yieldvalue of the material.1 Plasticity is a characteristic of pregnant cervical mucus.
A rheological law as applied to cervical n-iucus can be laid down as follows: "Plasticivy predominates in pregnancy-Elastic,ity in non-pregnancy, especially at ovulation, time."
The yield-value is the pressure below which the material does not.yield appreciably.
TACK
Tack (a form of stickiness) is another independent property of cervical mucus, but is only seen to a marked degree in pregnant samples. All samples of cervical mucuis showv stickiness to some degree, but tack is a particular form of stickiness.
In practice, tack is measured by quickly drawing away a coverslip from a blob of mucus placed on a glass slide. The mucus does not form into long threads, but the whole surface of the blob adheres to the coverslip and can be drawn only a slight distance away from the glass slide-about a cm. or two.
A more exact measurement can be made of this property by a specially contrived apparatus ("The Tackmeter", see Green, 1941 due to the viscosity of the fluid. Tough bubbles form very readily when homogenizing the secretion between two glass slides-these bubbles are difficult to break up.
Spinnbarkeit: Very marked-mucus can be drawn into very long threads 10 to 13 cm. long.
Elastic recoil: Very marked-av. 30 mm. and recoil is "lightning" in speed. All the above properties were present to a marked degree in 11 samples collected at the mid-cycle. These properties were more or less absent in samples collected at other times of the cycle-and in pregnancy.
B. Post-menstrual Samples.
Quantity: Moderate.
Appearance: Translucent areas, with only tiny specks of opacity (i.e. not homogeneously opaque).
Consistency: Not as "runny"-more cohesive than at mid-cycle, but not tacky or but slightly so.
Cellular content: Moderate-no cell movement seen. Tough bubbles: Do not form on homogenization. Spinnbarkeit: Not present-or but slightly so (1 cm.).
Elastic recoil: Av. 10 mm. C. Premenstrual Samples.
Quantity: Scanty. Appearance« Translucent areas with small areas of opacity (not homogeneously opaque). Consistency: Not as "runny"-more cohesive than at mid-cycle. Not tacky or but slightly so.
Cellular content: Moderate to abundarkt-no movement seen. Tough bubbles: Do not form on homogenization. Spinnbarkeit: -Not present or but slightly so. Elastic recoil: Av. 8 mm. D. Pregnant Samples.
Appearance: As early as the 6th to 7th week of pregnancy (seven samples) the secretion shows a characteristic homogeneous light opacity i.e. it loses its translucency throughout.
Later in pregnancy this opacity becomes more pronounced.
Consistency: Cohesive one piece it tends to hold together. It is thick and sticky (not "runny") and shows characteristic tackiness. Cellular content: Very abundant, no movement seen. Tough bubbles: Do not form on homogenization. Spinnbarkeit: Is absent or only slightly present. Elastic recoil: 6th to 7th week to 10th week, value may be up to 6 mm. and recoil is slow.
After 10th week the mucus is difficult to draw into the menstroscope-recoil is absent.
RESULTS
Our results, at first, made no sense whatsoever. It was only after some months of work, that we realized how important it was to deal onlv with sarpples collected from the healthy cervix, in order to study first principles In all, the cervical mucus of 26 women showing normal cycles has been stuidied. Seven of these individuals have been seen more than once and 3 studied for at least one cycle.
An attempt was made to correlate the amount of mucus secreted, macroscopic appearance, elastic recoil, Spinnbarkeit and the nurnber of leucocytes contained. Mucus was judged;to be (1) scant, (2) moderate, (3) abundant, at the time of collection. Elastic recoil was detcrmine(d by the menstroscope, Spinnbarkeit was measured in cm. leucocyt&s microscopic examination.
Recoil values determined in samples from three subjects at intervals over a period covering 3, 2, 2, menstrual cycles.respectively are slhown plotted in fig. 5 .
It is clear that the flow-elasticity of the cervical mucus varies regularly during the menstrual cycle, rising to a maximum about the time of ovulation. It is desirable to investigate the way in which the elastic recoil valujes vary day by day during the midcycle. Facilities for such an experiment have unfortunately not yet been available but it is hoped that this may be done in the near future.
Two of the women became pregnant diring observation, the periodicity in elastic recoil immediately disappeared and the values remained at a low level.
The periodicity in the flow-elasticity of the cervical mucus, correlated with the time of the mid-cycle, appeared to afford a basis for an objective method of diagnosis of ovulation, particularly as this property can be measured so rapidly and easily. Since failure of ovulation is one of the causes of functional sterility, there is need of a simple, yet reliable method for the detection of ovuldation. In order, therefore, to inivestigate the value of flow-elasticity measurements as a practical method for the diagnosis of ovulation, numerous determinations have been made on samples from women in various plhases of the menstrual cycle. Fig. 6 summarizes the results of tests on 26 women. Comparing the figures it is clear that the elastic recoil values for samples taken about the time of ovulation are significantly higher than for samples taken at other times -of the cycle or in pregnancy. On the basis of our data, therefore,-it may be concluded A feasible explanation of the marked rheological changes in cervical mulcuis about the time of ovulation is that they are brought about bv the direct action of the ovary through folliculin in the blood-stream, on the cervical mucLsI. It is known that follicular fluid dissolves cervical mucus. (It is of interest to note that Rowlands and MacLean were unable to show that hyaluronidase of semeni dissolves the mucoprotein of cervical secretion.)
Thesc observations arc presented because they may point the way for further investigation. SUMMARY
(1) "Viscosity" of human cervical secretion is discuLssedl. Cervical mulcusi is not a truly viscous fluid and cannot be said to have a viscosity. Its changing "viscosity"
(anomalous viscouLs behaviour) with varying stress and strain can be effectively measured in a Scott Blair cmptying-tube viscometer, but the apparattus is too delicate and complicated to be of practical evervdav use as a test for ovullation or pregnancy.
(2) Rheological properties-Flow-elasticity and Spinulbarkeit hitherto uniirecognized in human cervical secretion, are described. Both phenomena occur to a marked degrec only in mid-cycle samples, anid therefore form the basis for a rheological test for ovulation in woman. These properties are maximuim onlv in "thin and translucent" samples, i.e. when penetrability and longevity of spermatozoa are greatest. These phenomena are absent in pregnancy samples.
(3) Means of accurate objective measuremnent of flow-elasticity (the menistroscope) and Spinnbarkeit are described. These methods are simple and rapid and more reliable than methods used to estimate "viscosity" and "relative viscosity".
(4) A rhieological test for ovtulation in. wvomiian is described-namely the sample of cervical mucuLs is "runny"; homogeneouisly translucent; elastic recoil and Spinnbarkeit are maximum; tough bubbles, which are difficult to break up, readily form on homogenizing the sample; cellular content is minimal, and these few cells show movement typical of mid-cycle samples.
(5) Conisidering the molecular construction of cervical muIcus, it is sluggested that the addition of donated cervical mucus (characterized by maximum elastic recoil and Spinnbarkeit) to semen, might be used with advantage in artificial insemination of cascs of cervical hostility (absence of suitable cervical secretion).
(6) Tack is described--a property characteristic of pregnancy cervical mullcus.
(7) A rheological test for pregnancy in woman is described namely, the sample of cervical muctus is thick (not "runny"); hoinogeneotusly opaque; the mucus is difficult to draw into the menstroscope; there is more or less absence of elastic recoil and Spilunbarkeit; tough bubbles do not form on homogenizing the sample; and tack is characteristically present (the above description applics to samples as early as the seventh week of pregnancy). (8) It is believed that the described rheological phen(;mena an(d tests shotuld prove of practical value in the recognition of ovulation and anovulatory cvcles; in the investigation and treatment of cases of cervical hostility; as a useful tool in endocrinology of ovarian dvsfunction: and as accessory tests for pregnancy.
This work was carried out in the Nuiffeld department of Obstetrics and Gynicology tinder Professor Chassar Moir, to' whom I wish to express my appreciation for help and encouragement, and I wish particularly to thank G. W. Scott Blair, D.Sc., rheologist, for freely giving of his time an(d valuable scientific knowledge. I would stress that this investigation forms an admirable example of the need for co-operation between workers trained in different fields. Results would have been meagre without the cooperation of trained rheologists and medical personnel. I am also grateful to Mr. John Stallworthy, Mr. Scott Russell, Dr. Fynn and Dr. Dorothy Newell for providing mucus samples from patients.
NOTES BY G. W. SCOTT BLAIR, D.Sc. NOTE: 1.-Anomalous viscous behaviour is the general term for any "runny" material that is not a true fluid. There are many kinds *of anomaly, the principal types being:
(a) Non-Newtonian fluids ("Pseudo-plastic" has almost the same meaning). These start to flow at the smallest pressures, i.e. have no yield-value and are therefore not "plastic". The rate of flow is not proportional to pressure but increases either more or less rapidly than would a true fluid. The former case is the commoner (see Graph 1).
A complicating factor is that in practice, such curves cannot be directly obtained for ,Opinnbar materials becj,use the ratio of pressure (stress) to rate of flow nott -only falls with rising stress but increases with increasing deformlrtion (work-hardening). This is very important. Hence we have Graph 2.
Section of Obstetrics and Gynwcooloyy 9 (b) Plastic behaviour.-Up to a certain stress (the yield-value) there is no flow. Above this flow is often proportional to the (stress minus yield-value), i.e. the line is straight. (The bottom part is usually anomalous and is therefore dotted in. The yield-value is generally got by extending the experimental straight line to the stress axis, but there are other yield-values defined in other ways) (see Graph 1). hardening.
0~~~0
Mobility is defined as (stress omfus yield-value) and should be used only to mean this. Its reciprocal (stress minus yield-value)is called "stiffness" or "pseudo-viscosity". The reciprocal reciprocal, rate of flow of viscosity (of a true fluid) (i.e. rate of flow ) is called "fluidity". These terms should stress only be used in the strict sense. English rheologists (not American) still use "consistency" as a general term for "general viscidity". Relative viscosity (of a true fluid) simply means the number of times a liquid is more viscous than wate1r, e.g. an oil has a viscosity at 25' C. of 50 centipoises. Water at 25' is almost exactly 1 c.p., hence "relative viscosity" of oil is "50". NOTE 2.-Flow elasticity is usually paralleled by the onset of Spinnbarkeit, a reduced consistency and perhaps a fall in nitrogen content. NOTE 3.-The itse of "viscosity" (or "fluidity") in anomalous systems.-Some rheologists agree to speak of a viscosity defined for arbitrary stress-strain conditions but all are agreed that "the viscosity" has no meaning. The Americans tend to use "consistency" to mean "a viscosity" but this use is not popular in England. The term "viscid" has no special sense for, rheologists.
Professor Chassar Moir assured members that the changes in the cervical secretionsome of which could be so clearly and easily demonstrated by the "menstroscope"-were of a very real nature.
Dr. C. W. Scott Blair: Those unfamiliar with rheology are-apt to be rather overwhelmed by the abundance of rheological properties. In fact, it is all to the good that most biological "fluids" aTe not "true fluids", i.e. do not flow at a constant rate under steady pressure, the rate being proportional to the applied pressure. "True fluids" would ortly give us one flow property (viscosity) to correlate with the factors we wish to study. As it is, there are many factors which can be correlated; but it is naturally important that they should be clearly distinguished and adequately measured.
The measurement of flow-elasticity (or Spinnbarkeit which is often associated with it) has given us a good practical test for oestrus in the cow and a study of more complex rheological properties of cervical secretions an interesting, though not yet reliable, correlation with bovine pregnancy.
Through the skill and perseverance of Mr. Clift it now seems likely that similar methods may be of use in detecting ovulation and pregnancy in the human.
